Objective: The aim of this study was to explore changes in tumor tissues of glioma-bearing rats that underwent argon-helium cryoablation as well as changes in antitumor immunity before and after combined interleukin 12 treatment. Methods: Two hundred sixty Wistar rats were randomly divided into a blank control group, intravenous injection interleukin-12 group, cryotherapy group, and cryotherapy þ intravenous injection group. C6 glioma cells proliferated in vitro were implanted subcutaneously on the backs of rats to establish C6 glioma-bearing animal models. Each group underwent the corresponding treatments, and morphological changes in tumor tissues were examined using hematoxylin-eosin staining. CD11c staining was examined using immunohistochemistry, and differences in dendritic cells and T-cell subsets before and after treatment were analyzed using flow cytometry. Results: The control group showed no statistical changes in terms of tumor tissue morphology and cellular immunity, cryotherapy group, and cryotherapy þ intravenous injection group, among which the count for the cryotherapy þ intravenous injection group was significantly higher than those of all other groups. In the argon-helium cryotherapy group, tumor cells were damaged and dendritic cell markers were positive. The number of CD11cþ and CD86þ cells increased significantly after the operation as did the cytokine interferon-g level (P < .01), suggesting a shift toward Th1-type immunity. Conclusion: Combined treatment of argon-helium cryoablation and interleukin 12 for gliomas not only effectively injured tumor tissues but also boosted immune function and increased antitumor ability. Therefore, this approach is a promising treatment measure for brain gliomas.
Introduction
Argon-helium cryotherapy is a local targeted treatment technology used for solid tumors. It is a heat/cold reversal treatment and has a thorough destructive effect on tumor tissues. Its cryoimmunologic effect has been clinically confirmed in liver tumors, 1 prostate tumors, 2 and rectal cancer. 3 However, very few studies have examined the cryoimmunologic effect of this technique on intracranial glioma treatment.
As a cytokine and immunomodulatory factor, interleukin (IL) 12 has a direct antagonistic effect against tumors and plays an important role in the immune responses to primary and secondary tumors. Extensive animal experiments have shown that IL-12 has a broad antitumor effect on tumors with various tissue origins and preventive effects on 20 types of malignant tumors including renal cell carcinoma, malignant melanoma, colon cancer, and liver cancer. The results of other animal experiments have indicated that systematic application of IL-12 not only promotes primary tumor regression but may also promote regression of metastatic lesions and exert an antiangiogenic effect. [4] [5] [6] Dendritic cells (DCs) are good antigen-presenting cells in the body that can effectively induce proliferation and response of resting T cells as well as promote the generation of helper T lymphocytes and cytotoxic T lymphocytes. Dendritic cellbased immunotherapy can aid in the targeted killing of tumor cells without harming normal cells and can therefore be used as a promising cancer treatment method.
In this study, a C6 glioma-bearing Wistar rat animal model was established and was subjected to argon-helium cryotherapy. Morphological changes in tumor tissues and the function of DCs in the peripheral blood, as well as changes in DCs after a combined treatment with IL-12, were investigated. This study provides a theoretical basis for further clinical applications of cryotherapy combined with IL-12 treatment.
Materials and Methods

Establishment of a C6 Glioma-Bearing Rat Animal Model
This experiment was approved by the Ethics Committee of Zhujiang Hospital of Southern Medical University. In this study, 260 Wistar rats (approximately equal number of males and females) aged 10 to 12 weeks and weighing 180 to 220 g were used in sterile environment with enough food and drinking water (Experiment Animal Centre, Southern Medical University, SCXK-Yue-2006-0015).
C6 cells were cultivated using fetal bovine serum (FBS; Hyclone, Logan, Utah) containing Roswell Park Memorial Institute 1640 (RPMI-1640), and the culture media were replaced every 24 hours. An inverted microscope was used for observation. Once cells grew to 80% to 95% confluence in the culture flask, they were digested with 0.25% trypsin for 2 to 3 minutes. After trypsinization was terminated using FBS, gentle pipetting with serum-free RPMI-1640 culture solution was performed to enable cells to fall from the flask wall, and the cell suspension was centrifuged at 800 rps for 8 minutes. Subsequently, the cells were resuspended, and phosphate-buffered saline solution was added to adjust the cell suspension to a concentration of 1 to 5 Â 10 10 /mL. Under aseptic conditions, 0.5 mL of the cell suspension was slowly injected subcutaneously into the back of a rat, and the needle was retained at the injection site for 3 minutes. During tumor growth, tumorigenesis and growth of the subcutaneous glioma were observed every 2 days, and a vernier caliper was used to measure the maximum diameter and width. Tumor sizes were calculated as tumor volume ¼ (width) 2 Â length.
Experimental Grouping and Treatment
After 14 days of tumor growth, when the tumor diameter reached approximately 2.5 to 3.5 cm, the tumor-bearing rats were randomly divided into a blank control group (group A, n ¼ 63), intravenous injection (IV) IL-12 group (group B, n ¼ 63), cryotherapy group (group C, n ¼ 63), and cryotherapy þ IV group (group D, n ¼ 63). Each group had equal numbers of male and female rats. The blank control group did not undergo any special treatments. Rats of groups B, C, and D were anesthetized using 3.6% chloral hydrate at 0.1 mL/kg. The rats were placed in a fixed position, and the hair in the surgical area was shaved. Next, the skin was sterilized with iodophor, and an approximately 3.5-cm incision was made 0.5 cm from the tumor. The tumor tissue was then isolated and exposed. Group B rats were subcutaneously injected with 1 mg of recombinant rat IL-12 (RD, Minnesota) and 0.5 mL of physiological saline. For group C and D rats, the probe of the argon-helium cryotherapy system (Endocare, Austin, Texas) was inserted into the tumor center for a 2-cycle cryoablation. Specifically, the temperature was decreased to À140 C, maintained for 2 minutes, then reheated to 0 C, and maintained for another 2 minutes, and the same cycle was repeated once. The probe was retracted after the completion of the 2 cycles. Group D rats underwent an IV of 1 mg of recombinant rat IL-12 and 0.5 mL of saline in combination with argonhelium cryoablation. Aseptic operation and hemostasis were performed in the rats of all groups. The incision was routinely sutured, and rats were fed normally after the operation. For rats of groups B and D, beginning at day 14 after C6 cells implantation, IVs of 1 mg of recombinant rat IL-12 and 0.5 mL of saline were performed every 3 days and lasted for 29 days.
Morphological Observations
Three rats in each group were killed at postoperative day 7 (day 21 from the beginning of the experiment). Their tumor tissues were completely removed and fixed with 40 g/L formaldehyde. After routine medium embedding and cryosectioning, the slices were stained with hematoxylin-eosin (HE) for optical microscopic observation (Boshide, Beijing, China).
Immunofluorescence and Immunohistochemistry
Three rats in each group were killed at day 21 via pentobarbital overdose, and their brain tissues were isolated and fixed with paraformaldehyde at 4 C for 24 hours. Next, the samples were placed in 20% sucrose solution until the samples sunk to the bottom of the container. The samples were then subjected to continuous cryosectioning at a thickness of 25 mm. One of every 5 consecutive sections was selected for immunohistochemistry (IHC) or immunofluorescence staining. In order to count the number of DCs in tumor tissue samples, routine IHC staining was performed. The primary antibody used was goat anti-CD11 (11:200) , and the stains were developed using diaminobenzidine (all the antibodies were the products of Chemicon International, Inc, Temecula, California).
Determination of the Relative Abundances of Activated DCs (CD11Cþ and CD86þ) in the Draining Lymph Nodes, Spleen, and Tumor Tissue
In order to detect activated DCs, the draining lymph nodes and spleen tissue were collected from the killed rats. The samples were cut with scissors, ground, filtered with a 300-mesh filter screen, and then tested for CD11Cþ and CD86þ in the draining lymph nodes and the spleen using a routine flow cytometer 7, 8 (Becton Dickinson FACS Calibur, Oxford, United Kingdom; all the antibodies were the products of Chemicon International, Inc). 
Analysis of Cytokine Interferon-g (Th1) and IL-4 (Th2)
Rat spleens were used to prepare a single cell suspension, and the cell concentration was adjusted to 2 Â 10 6 /L. After concanavalin A was added at 5 mg/mL and an equal amount of monensin was added, the suspension was cultivated in a CO 2 incubator for 8 hours. Fluorescent antibody was then added to the spleen cell suspension to mark cell surface antigens, followed by incubation in dark conditions at room temperature for 30 minutes. Subsequently, 2 mL of hemolysin was added, followed by incubation in the dark at room temperature for 10 minutes and centrifugation at 500g for 15 minutes. The cells were washed with 5% serum-containing phosphate-buffered saline once and fixed using 0.5 mL of fixing solution for 20 minutes, followed by centrifugation at 500g for 15 minutes. Next, cell perforation was conducted twice by adding 2 mL of permeabilization wash buffer. After centrifugation at 500g for 15 minutes, 6 mL of each of fluorescent cytokine interferon (IFN)-g antibody and IL-4 antibody were added for intracellular staining, followed by incubation in dark conditions at room temperature for 30 minutes. Finally, the cells were washed with 2 mL of permeabilization wash buffer twice and subjected to flow cytometry.
Statistical Processing
Experimental data were processed using the SPSS 13.0 software package. Measurement data were presented as means + standard deviation (SD). Either t test (single factor or 2 factor) or analysis of variance (multifactor) was used for data analysis, with P .05 indicating a significant difference.
Results
Establishment of a C6 Glioma-Bearing Animal Model and Observation of Changes in Tumor Size
No death was observed in any group. After C6 cell implantation, the mass tissue size gradually increased over time. Tumor cells grew well as observed under an inverted microscope. The implanted tumor cells grew to a mass of 2.5 to 3.5 cm in diameter within 14 days after implantation in sterile environment with enough food and drinking water. After surgery, the tumors continued to grow in the control group and the IV IL-12 group but gradually shrank in the cryotherapy group and the cryotherapy þ IL-12 group (Figure 1 ).
Hematoxylin-Eosin Staining Observations
Based on the HE staining results, before cryotherapy, tumor cells grow well, and after cryotherapy, tumor cells in C6 glioma-bearing rats ruptured, showing karyopyknosis and coagulative necrosis. At postoperative day 7, the edge of the cryoablated area showed clear changes in congestion and hemorrhage and granulation tissue formation ( Figure 2 ).
Immunohistochemistry Observations
Local tumor staining showed many positive CD11C cells in the control group, and the number of CD11-positive cells noticeably increased in the IV IL-12 group, cryotherapy group, and cryotherapy þ IV group, among which the count for the cryotherapy þ IV group was significantly higher than those of all other groups (Figure 3 ).
The Number of DCs and the Proportion of Activated DCs Determined by Flow Cytometry
In the IV IL-12 group, cryotherapy group, and cryotherapy þ IV group, the levels of the 2 markers CD11þ and CD86þ in lymph node tissue, spleen tissue, and tumor tissue at postoperative day 15 were higher than those before operation. Based on a comparison among day 15, day 22, and day 29 tissues, the levels gradually decreased but remained significantly higher than that of the control group (P < .05 for all cases; Figure 4 ).
Cytokine IFN-g (Th1) and IL-4 (Th2) Analysis
At day 15, day 22, and day 29 after surgery, the IFN-g levels of the IV IL-12 group, cryotherapy group, and cryotherapy þ IV group were significantly higher than that of the control group (P < .05 in all cases). The IFN-g level of the cryotherapy þ IV group was also significantly higher than that of the other groups at each of the 3 time points (P < .05). However, the IFN-g levels were not statistically different among the 3 time points. The IL-4 levels of all 4 groups increased with time after operation (P < .05) but were not significantly different from each other within each time point ( Figure 5 ).
Discussion
In this study, argon-helium cryotherapy was used for brain gliomas, and not only was the glioma tissue morphologically destroyed but the DC function of brain glioma-bearing rats was also elevated (P < .05). The control group showed no statistical changes in terms of tumor tissue morphology and cellular immunity. As an important cytokine, IL-12 can effectively activate the body's antitumor response. In this study, its combination with cryotherapy effectively inhibited tumor growth, boosted antitumor immunity, and increased the survival time of tumor-bearing animal models.
The ability of necrotic tumor tissues to act as effective tumor antigens to trigger ingestion by DCs and further promote lymphocytic activation is the key to induce tumor-specific immune responses. 7, 8 Melanoma animal experiments have shown that necrotic tissue could increase the number of DCs in the draining lymph nodes of tumors and promote the ingestion of tumorrelated antigens by DCs. After the draining lymph node DCs ingest antigens, the cell phenotype transforms from immature to mature, providing a basis for effective antigen presentation. 9 In this study, the ratio of activated DCs in the cryotherapy þ IL-12 group was significantly higher than that of the other groups.
In the treatment of intracranial gliomas, neurosurgeons are usually limited with respect to patients for whom chemotherapy and radiotherapy are ineffective or unsuitable. Argonhelium cryotherapy provides an effective method for these patients. Zhang et al 10 applied stereotactic argon-helium cryotherapy in 12 patients with glioma having varying degrees of malignancy and found that patient survival time was significantly extended. A number of patients survived greater than 5 years with no recurrence after surgery, and a portion of patients exhibited recurrence 7 to 10 years after surgery, suggesting a significantly higher efficacy compared to those of reported cases of surgical removal, chemotherapy, and radiotherapy.
Despite the significant efficacy of glioma treatment, argonhelium cryotherapy is rarely applied in clinical practice owing to the lack of relevant and necessary fundamental studies. Some studies have examined argon-helium cryoablation of gliomas on the backs of rats. Previous research has shown that argon-helium cryoablation elevates CD3þ and CD4þ levels in brain glioma-bearing rats, suggesting this treatment might increase the cellular immunity of glioma-bearing rats. 7, 8 To obtain additional evidence for the efficacy of argon-helium cryoablation in enhancing cellular immunity, this study further established the functional improvement in DCs via this treatment.
Based on recent research, the necrotic tumor tissue that is left in the body after argon-helium cryotherapy can affect tumor antigens or promote the release of soluble tumor antigens, thus stimulating the immune system and increasing cellular immunity. 11, 12 This might explain the immunity increase after argon-helium cryotherapy. In addition, after tumor necrosis, the level of immune suppressors secreted by tumors decreases, thus weakening immunosuppression. This is an important factor causing increased immunity. Moreover, because argon-helium cryotherapy is minimally invasive and either no or a reduced dose of chemotherapy is required after cryotherapy, immune function can be maximally protected. This study proved that argon-helium cryoablation can improve cellular immunity of brain glioma-bearing rats, and its joint use with IL-12 can significantly enhance the function of DCs. However, a number of questions, such as the exact mechanism of the immunity increase, the relationship between the immune killing effect and cryoablation time as well as whether the immune killing effect is sustainable remain to be explored.
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